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cent of tartrate and temperatures from 230° to 260*^, were made. The 
first gave a very good oil ; the other did not. 

Manganese Formate. — Two experiments were made with this salt. 
In the first, two per cent of the salt was used, and the oil was converted 
into tar. In the second, one per cent of salt was used and the tempera- 
ture kept below 200®, the time of heating being about one hour. The 
boiled oil obtained dried very fast, but was very dark brown in color. 
The result was not good. 

Drying Tests. 



Dryer. 


Quantity of 
Dryer uaed. 


Time of 
Boiling. 


Time required for 
Drying. 


Character of the Film. 




Grams. 


Hours. 


Hours. 




Litharge 


10 


2X 


6 


Almost colorless. 


a 

• a . 


• 






0.2 


2X 


10 


<« « 


«< 

. . a 


B 






0.8 


\}i 


10 




Lead peroxide . 


• 






1.072 


VA 


Several days. 


Deeply colored. 


Lead chloride . 


1 






1.247 


2'A 


24 


Somewhat colored. 


Red lead . . .* 


 






1.024 


2'A 


24 


Deeply colored. 


Lead oxalate 


1 






1.323 


2% 


Did not dry. 




** tartrate . . 








1.6 


2H 


24 


Deeply colored. 


" acetate. . . 


4 






L46 


2% 


12 


Somewhat colored. 


" borate . . . 


1 






1.105 


\% 


20 


Slightly colored. 


" carbonate . . 








1.197 


2 


10 


It u 


Zinc oxide . . . 








0.5 


2X 


45 


Nearly colorless. 


" sulphate . . 








1.987 


2% 


45 


ii <« 


" sulphate . . 


« 






1.5 


2% 


45 


Yellow in color. 


" acetate . . . 








1.0 


2% 


40 


Colorless. 


" borate . . . 








1.0 


2 


40 


Nearly colorless. 


It K 








0.5 


\% 


46 


U *( 


« (1 








0.5 


i;i 


46 


M l( 


" citi^te . . . 


1 






1.5 


2% 


36 


« «( 


Manganese acetate 






1.0 


2)i 


20 


Nearly colorless. 


" borate . . 






1.625 


2)i • 


20 


Colorless and hard. 


" sulphate . 






172 


2 


40 


Colorless. 


" oxalate 






1.64 


2 


40 


<( 


** acetate 






0.5 


2 


20 


Deeply colored. 


•* borate . . 






0.5 


1 


20 


Colorless. 


" acetate 






0.5 


I'X 


20 


i( 


" oxalate 






1.5 


2'A. 


36 


a 


•* sulphate . 






1.5 


2A 


36 


u 


" oxalate 






1.0 


2H 


48 


Yellow in color. 


" citrate . . 






1.5 


lA 


24 


Dark colored. 


" tartrate . 






1.0 


2% 


24 


Colorless. 


" formate . 




1.0 


1 


24 


Somewhat colored. 
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But the third oil dried in half the time required for the fourth, although 
the latter contains more lead. 

In the determinations of manganese in the oils, the following method 
was used. The oil was weighed and charred in an evaporator. It 
was then ignited over a Bunsen lamp until all the carbon was burned 
off. The residue was digested with dilute hydrochloric acid and heated 
nearly to boiling, filtered, and neutralized with ammonia. Some am- 
monium chloride was then added, and then an excess of sodium phos- 
phate. The precipitate was filtered off, dissolved in hydrochloric acid, 
avoiding an excess of acid, and the solution heated to boiling. Ammo- 
nia was then slowly added to the boiling solution until a large excess 
was present. The precipitate was boiled, without filtering, for ten min- 
utes, to convert the phosphate of manganese to a scaly form, and was 
kept hot for about one hour longer. It was then filtered off, washed 
with dilute ammonia, ignited to the pyrophosphate, and weighed. The 
following results were obtained. 



Boned Oil. 


Quantity of 
Dryer added. 


Per cent of Metallic Manganese in the Boiled Oils. 


Calculated. > 


Found. 


Manganese sulphate .... 

Manganese borate 

Manganese acetate .... 
Manganese oxalate .... 
Manganese tartrate .... 


Giamt. 
1.72 

1.62 

0.5 

1.5 

1.5 


137 

2.06 

0347 

1.034 

0.670 


I. 
.045 

.208 

.248 

.049 


II. 
.038 

.190 

.256 

.030 

.043 



From the drying tests it will be seen that the first and fourth oils 
above analyzed dried very slowly, while the last one, with about the 
same quantity of manganese, dried in about one half the time required 
for the first and fourth. 

Conclusions. 

Lead dryers always give the oil a deep color, which shows more or 
less in the film. 

Zinc dryers do not appear to act on the oil to any great degfree, as 
oils thus prepared dry slowly and do not give very hard films. 



* See note to the preceding table. 
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1887. Lamps in Order of Eiticiencies expressed in Terms of Watts per 

Horizontal Candle-power. 



1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 



Lamp. 



Swan 

Thomson-Hooston . . . 

• • • 

Swan 

Edison 

Swan 

Thomson-Houston . . . 
Swan 

Weston 

4« 

Edison 



Voltage. 



46 

52.6 

75 

92 

36 

46 
101 

92 
110 

38 

92 
110 

70 
101 
101 



Rated 
candle-power. 



16 
20 
16 
32 
8 
8 
32 
16 
16 
16 
10 
16 
16 
16 
10 



Watu per 

candle-power. 



3.06 
3.18 
3.27 
3.44 
3.64 
3.67 
3.82 
3.90 
4.04 
4.05 
4.21 
4.36 
4.72 
4.84 
4.98 



Candles per 

electrical 
hone-power. 



244 
235 
228 
217 
205 
203 
195 
190 
185 
184 
177 
171 
158 
154 
150 



1887. Lamps in Order of EFnoENCiES expressed in Terms of Watts per 

Spherical Candle-power. 





Lamp. 


Voltage. 


Rated 
candle-power. 


Watte per 

spheriad 

candle-power. 


Candles per 

electrical 
horse-power. 


1 


Swan 


46 


16 


3.56 


209 


2 


Thomson-Houston . . . 


52.6 


20 


3.91 


191 


3 


«< « 

.  . • 


75 


16 


3.97 


188 


4 


Swan 


92 


32 


4.03 


185 


5 


i« 


46 


8 


4.17 


179 


6 


« 


36 


8 


4.27 


175 


7 


Edison 


101 


32 


4.57 


163 


8 


Swan 


38 


16 


4.70 


159 


9 


M 


92 


16 


4.76 


157 


10 


Thomson-Houston . . . 


110 


16 


4.95 


151 


11 


Weston 


70 


16 


5.01 


149 


12 


Swan 


92 


10 


530 


141 


13 


Weston 


110 


16 


532 


140 


14 


Edison 


101 


16 


6.00 


124 


15 


tt 


101 


10 


6.26 


119 



Data and Plots of Various Incandescent Lamps. 



25 



1887 Lamps. Table showing Candle-power actually given out on the 
Horizontal Circle in Percentage of the Rated Candle-power. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Lamp. 



Edison 

Swan 

Edison 

Thomson-H ouston 
Edison. . . . . 

Swan 

Thomson- Houston 

Swan 

Weston . . . . 

Swan 

Swan 

Weston . . . . 

Swan 

Thomson-Houston 
Swan 



Voltage. 



101 

46 
101 

52.6 
101 

92 

75 

36 

70 

92 

92 
110 

46 
110 

38 



Rated 
candle-power. 



32 
16 
10 
20 
16 
32 
16 

8 
16 
10 
16 
16 

8 
16 
16 



Per cent. 



107 

105 

104 

103 

103 

102 

101 
97 
94.6 
903 
87.5 
863 
838 
80.4 
76.6 



1887 Lamps. Table showing Candle-power actually given out in Spherical 
Candle-power in Percentage of Rated Candle-power. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Lamp. 



Voluge. 



Swan 

Edison 

Weston 

Swan 

Thomson-Houston . . . 

« u 

• • • 

Edison . 

Swan 

Edison 

Swan 

« 

Weston 

Swan 

Thomson-Houston . . . 



46 
101 

70 

92 

52.6 

75 
101 

36 
101 

46 

92 

92 
110 

38 
110 



Rated 
candle-power. 



Per cent. 



16 
32 
16 
32 
20 
16 
16 

8 
10 

8 
16 
10 
16 
16 
16 



89.9 
89.4 
891 
86.7 
84.0 
83.2 
82.9 
82 6 
82.5 
73.6 
71.8 
717 
68.5 
66.1 
656 



Data and Plots of Various Incandescent Lamps, 27 

candle-power. It will be noticed that the Edison lamps tested come 
fairly close to this rating, and also that the other lamps do not, indicat- 
ing that the other makers do not understand a 16 c. p. lamp to be the 
same thing that the Edison company do. 

It would be a great advantage to all parties if some authoritative 
statement of what is meant by the candle-power of an incandescent lamp 
could be made, and thus settle at once the uncertainty now existing. 

Rogers Laboratory of Physics, 

Mass. Inst, of Technology, December, 1889. 



PiATE rv. — Data and Plots of Various Incandescent Lamps. 



Lamp. — Thomson- Houston, 75 volt. 16 c. p. 

Mean standard reading =1600. 

Mean spherical c. p. = 13.31. 

Spherical reduction factor = 0.832. 

Mean horizontal c. p. = 16.18. 

Horizontal reduction factor = 1.011. 

Mean sph. c. p. -r mean hor. c. p. sa 0.823. 

Volts =3 74.98. 

Amperes = 0.705. 

Watts = 52^57. 

Watts per mean sph. c. p. => 3.97. 

Watts per mean hor. c. p. ^ 3.27. 

Rated c. p. = full circle. 

Mean sph. c p. = dotted circle. 

Mean hor. c. p. = dashed circle. 

Section of filament = • 

Scale, 10 c. p. per inch. 

w. L. p. 

Full circle reduced from 3.2" to 2.5" in engraving. 



HORIZONTAL 
15^ 



18.M 



16.00 




1S.70 



18M 



VXBTIGALO* 



10.00 
YERTICAL46* 




16.50 10.00 




VKHTICAL90* 



VERTICAL 18B* 




15.66 1<W» 
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Development of the System of Amalgamation of Gold Ores. 51 

The use of oil about the mill should be restricted as much as pos- 
sible, as this, more than anything else, causes the yellow stain to come. 
If the cams are oiled with an oily rag on a stick every half-hour, the 
excess and dripping may be largely prevented. Molasses is sometimes 
used to lubricate the cams, but it is a poor lubricant. It does no harm 
to the amalgam. The cams should be wiped clean every day. 

Copper plates in the battery we are inclined to recommend strongly, 
although we have not used them ourselves, owing to the difficulty of 
making a quantitative experiment with them. 

The development of this method of testing gold ores is largely due 
to the energy and zeal of the several assistants in the Mining Laboratory 
during the eight years 1872 to 1880; namely, Messrs. William Foster, 
E. Faunce, B. P. Tilden, and R. W. Lx)dge, who, together with the 
students of the successive classes, spared no pains or trouble to make 
the laboratory methods a success. 
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The definite article is the for all genders and cases. The indefinite 
article is a^ an^ and ane. 



Adverbs are formed from adjectives by adding -^ or -liche (Ags. licey 
modern English -ly). The former are the more frequent; as, sore, oc- 
curring 1787 and often elsewhere; faste, 1827, and frequently; wide, 
1843; foule, 2070; softe, 2183. 

Of the adverbs in -liche, a few are as follows : — 

1897 myldeliche 1950 stilliche 1990 noleUche 

2092 baldeliche 2205 duffulliche 

VERBS, WEAK AND 8TRONO. 

Personal Endings, 

Strong. 

Indicative. Present, Subjunctive, Imperative, 

Sing. i. — e Sing. i. Sing. 

2. — est, or St 2. 2. 

3. — eth, th, — (2 161) 3- — e 

Plu. — eth Plu. — e Plu. — eth 



Sing. 


Indie, 
I. 




Past Subj. 
Sing. i. 




Past Participle. 




2. 


— e 




2. 




• 

1 — 


Plu. 


3- 


— e (1836), — en 
(2d pers. pron. omj 


itted). 


3- — e 
2068 Plu. — e 

Weak. 






Indicative. Present. 
Sing. i. Sing. i. 




Subj. 

Sing. 2 


Impi 


*r. Infin, 
— e 


Plu. 


2. 
3- 


— est 2. 

— eth 3. 

— cth Plu. 


— e,- 

— e 

— e 


-1,— 

PUJ. 3- 


1 


e — i 

(assoili) 
i (granti) (passi) 


Sing. 


I. 

0^ 






Past. 




Past Participle. 


Plu. 


2. 

3- 


te, "^ede (1793). 

— ''eden (1803). 

— "ede (1804). 








I — ed 
y — ed 



The Language of **The Life of Thomas Beckett 
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Strong.— Principal Parts arranged in Alphabetical Order. 



Present. 


Fast Sing. 


' Past Plu. 


Past Part. 


abide (abyd, imper.) 




abide 




afonge (foDgen, inf.) 








agros 








aloute 








atake (bitake) 


aftoc, bitoc (toke) 


1832 




bede (inf.) (biddeth 


(bidde = bitten 


bad (both meanings), bede, beden, 


— beten 






bitten 


bere 




bere 


ibore 
ibounde 




bigan 


gonne 






bicom 








bifat (forfet, underlet) 




breken 


brak 


breke 






cast(e) 


caste 




clipeth 




chose 
crope 




comest 


bicom 


come (perhaps subjunc- icome 




« 


tive) 181 7, 1830, 1833. 


do, don, done 


dude (1837) 


duden 


ido 


drawe (drauf imper.) drou^ ' 


drowe 


to-drawe 








idryve 




et 


ete 




faUeth 


bifal 


falle 




fleo 




flowe 




forgyve 


faf 






forfet 


forfet, underlet 




. forCute 


forsake 


forsoc 


forsoke 




fynde 




fonde, funde 


founde, fonden 


geve (geveth, imper.) 


Cof 






go 


{eode 


{eoden 


gon, agone (2332) 


hongen 








holden (hold, imper.) 


huld, huld(e) 


bihulde 




helpe 








hoteth (ist plu.) 


bihet 






lie (= lUgen) 








ligge (inf.), lith 


lay or lai 


leye 




nyme (binyme) 


nom 


nome 


binome, ynome 




let 


forlete, lete 






quath 
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Present. 


Past Sing. 


Past Plu. 


Past Part. 


rede 




radden 




ride 


rod 






seoth 


say (1966) 






iseo 


ise{, iseye 




isene 


sitte 


sat 






singeth, singe 


song 


songe 




schryve 


• 


slepe 


ischryve 


smiteth, smyte 


sn)ot 


smyte, smyten, smite 


ismyte 


spekt 


stonk 


bispeke 




swerie (inf.), swere 


(subj.) 


swor(e) 




totere 








sle(e) 1803, sle 


slof 


slowe 
schove 


aslawe 


stent (3d sing.) > under- "> , 
stonde (inf.), stonde (pi.) ) a- > 


stode 


stonde 
iwascbe 




therste 


therste 




uncover 










wep 


wode 
woke 


irite 


I worde, 2 worstj 


► 3 Plu. f 






woi^(e), 3 worth 


(2034), 






as passive auxiliary. 







iulde 



Irregular Weak Verbs. — Principal Parts. 



Infin, Pres. 


Past. 


Past! 


wende 


wende 

sende 

ihurde 




telle 


tolde, pi. tolden 




kepe 


kipte 


icouth 


bringe 


brofte 
rofte 


ibroit 


lede 


ladde 




Pencan 


pofte 




owe 


au{;test (2d sing.) 




1 sigge ) . . . . 

• . r (sai, imper.) 

2 saiest ) V ' *' / 


seyde, seide, sigge (subj.) 
sede 2070 





The Language of '*The Life of Thomas Beckett 
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Anomalous^ Preterite, Present, etc. 

Wesan. 



Indie. 




Present Subj. 




Infin. 


Sing. i. 


am 


Sing. i. beo 




beo 


2. 


ert 


2. 






3- 


is 


3- 






Plu. 


beoth 


Plu. 






Sing. i. 


Indie, 


/Vjj/ 5«4/'. 




Past Part. 


2. 


were (2066) 


Sing. 2. were 1862 




beo 


3- 


was, nas 


3. were 




ibeo 


Plu. 


were, weren 


Plu. were 
Habban. 






Indie. 


Pres. 


Pres, Subj. 




Imper, 


Sing. i. 


have 


Sing. 1. 




Plu. habbe 


2. 


havest, hast 


2. 






3- 


nath, hath, habbeth 


(2044) 3. habbe 




Past Part. 


Plu. 


habbeth 






habbe 


Past Sing. 3. hadde 


Plu. hadde 










Magan. 






Indie, 




Pres, 




Subj. 


Sing. i. 


may, mai 


Past Sing. i. 






2. 


mi{t(?) 


2. mi{;te 


Past Sing. 


3. mi(;te 


3- 


mai 


3. mifte 






Plu. 


mowe 


Plu. mifte 
Witan. 






Indie. 


Pres. 


Subj. 


Ind. 


Past. 


Sing. i. 


wot 




Sing. 


I. 


2. 


wost 






2. 


3- 








3. nuste, wiste 


Plu. 


wite 


Don. 


Plu. 


wiste 


Indie. 


Pres. 


T'ox/. 


Subj. 


Pres. 


&NG. I. 


do 


Sing. i. 


Sing. 


I. 


2. 




2. 




2. do 


3- 




3. dude 




3- 


Plu. 


doth 


Plu. duden, dude 
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Motan. 

Mote is the only form that occurs, and it is found in first and third persons of 
the present subjunctive. 

Must. 
Moste is the only form \ occurring in the plural of the past subjUhctive. 



Willan. 
Present. 



Indie, 
Sing. i. nele, wole, neli 

2. nelt, wilnest (2047 fix)m wilnian) 

3. wole 
Plu. wolleth 



Subj, 



Indie. 


Peut. 


Subj. 


Sing. i. 




Sing. i. 


2. woldest 




2. 


3. wolde 




3. nolde 


Plu- wolde, nolde 


Shall. 


Plu. wolde 


Indie. 


Present. 


Subj. 


Sing. i. schal 






2. schalt 






3. schal 






(schulleth) ^ „ 
^^^•'-^•jschulle l^h^U^'^ 




Past Subj. 



Sing. i. 
2. 
3. scholde, schulde 

Note. — Attention is called to the fact that the Greek letter Zeta is substituted for the 
Old English letter, which corresponds to z, y^ and g^ at different times. 



Some of the Present Aspects of Education. 1 1 1 

health, — and you cannot have one without the other. The nervous 
wear and tear of teaching is very great ; and better than much book- 
learning as a true capital for a teacher is the cheerfulness, the elasticity, 
the readiness of resource, which come from a sound body and a sane 
mind. Our profession suffers in no way so much as from the want of 
these. I cannot prescribe rules of hygiene for you. Let me only say 
that two great safeguards to health of body and health of mind are 
plain living and high thinking. And I should be untrue to my deepest 
convictions if I did not add, as greatest of all, that faith in God and 
that constant prayer for guidance without which, however little we 
may know about the method of its answer, I do not believe that any 
life can be completely sane or really happy. 



The Dry Assay of Tin Ores. 143 

The surface of the slag is smooth, has a dark blue color with gray 
and yellow streaks passing through it. The fracture is stony, the slag 
is hard and tough, and is flesh-colored. The results are as bad as those 
from Nos. 89 to 91. 

It will be seen that, of the different grades, only the brand " Pure for 
Gold Platers" produces results — 0.74 per cent too low — which are 
sufficiently accurate for every-day purposes. As these brands represent 
each a certain definite grade of a particular firm, it will be seen that 
the assayer is obliged to test each separately, making the ordinary 
chemically pure potassium cyanide — 98 per cent KCy and 2 per cent 
KOCy — his standard. 



150 .Gaetano Lanza. 

tion to perform some work of great value in hydraulic experiments 
which would be impossible without such apparatus. The lalmratory 
with its present equipment furnishes the means, — ist, of accommodat- 
ing the number of students that now need this instruction, with an 
opportunity for some growth ; 2d, of giving good laboratory instruc- 
tion to the students ; 3d, of carrying on investigations of importance in 
the engineering line. All this can be done, inasmuch as the building 
is adapted to the purposes of an engineering laboratory, — a fact 
which was never true of the Rogers Building. 

The two middle floors are devoted to drawing-rooms and recitation- 
rooms for the Mechanical Engineering Departments, the drawing-rooms 
being well arranged to furnish good light. The two upper floors con- 
tain, as has been said, the drawing-rooms and recitation-rooms of the 
Civil Engineering Department, and also the Engineering libraryi which 
is common to both departments. 



1$6 Robert H. Ricliards and A. E. Woodward. 

^= ^ X "Zrr^ when B= ^^'''^^ A, and ^ = i/ZI^AZ . 

V = velocity of fall in meters per second. 

e = Napierian base. 

g = acceleration due to gravity. 

s = sp. gr. of solid. 

A = sp. gr. of liquid. 

d = diameter of solid. 

J = weight of cu. in. of water. 

a, = constant velocity v after / in seconds. 

All jigging will practically take place between / = .25, or 240 strokes 
per minute, and t = .50, or 120 strokes per minute. Now if we follow 
down these two columns in the above table, we shall see that this error 
is serious for 240 strokes with § inch, J inch, and J inch diameter; 
becomes insignificant with \ inch, ^ inch, and ^ inch, and disappears 
practically in ^ inch, ^^^ inch, and ^^ inch diameter; that for 120 
strokes per minute it is nowhere serious; is insignificant for § inch, 
I inch, and ^ inch diameter, and practically disappears for I inch and 
all below. 
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1 66 Louis E. Levi. 

The results of this work show once more that compounds may be 
formed from the fat series which show decided characteristics of the 
aromatic series, and which may be regarded as belonging to it ; also, 
the similarity between biophene and thiophene and benzol has been 
shown. In conclusion, let me add that the action of phosphorus tri- 
sulphide upon thiodilactylic acid has been tried, and a product ob- 
tained which shows the isatine reaction, proving that in all probability 
the dimethylbiophene or bioxene can also be obtained in the same 
manner as biophene. 

Mass. Institute of Technology, 
April, 1890. 
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12 Buchner et ai, Untersuchungen iiber die bacterienfeindlichen Wirkungen des Blutes and 

Blutserums. (Archiv ftir Hygiene, Bd. X. Heft i, p. 84 ; Heft 2, p. 121.) 

13 Nissen. Zur Kenntniss der bakterientddtenden Eigenschaften des Blutes. (Zeit fur 

Hygiene, Bd. VI. p. 487.) 

14 Lubanich. Ueber die bakterienvernichtenden Eigenschaften des Blutes und ihre Be- 

ziehungen zur Immunitat. (Centralblatt fur Bakteriologie, Bd. VI. Nos. 18, 19, 20^ 
pp. 481, 529.) 

15 Sherrington and Ballance. On Formation of Scar-Tissue. (Journal of Physiol., Vol. X. 

No. 6, p. 550.) 

16 L00S8. Ueber die Beteiligung der Leukocyten an dem Zerfall der Gewebe im Frosch- 

larvenschwange wahrend der Reduktion desselben. (Leipzig, 1889.) (Abs. Biol. Cea« 
tralblatt, Bd. IX. p. 595, 1889.) 
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Data and Plots of Various Incandescent Lamps. 
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Edison iio Volt, 16 Candle-power, 3.1 Watts. — Mean Results op 
Lamps E, F, N, and the Mean of these three Means. 





£. 


F. 


N. 


Mean. 


-X 

Mean standard reading .... 


16.07 


13.08 


14.57 


14.57 


Mean spherical candle-power 


12.49 


11.49 


13.03 


1234 


Spherical reduction factor . . 


0.779 


0879 


0.895 


0.851 


Mean horizontal candle-power . 


16.16 


15.33 


16.80 


16.10 


Horizontal reduction factor . . 


1.007 


1.172 


1152 


1.111 


Ratio of spher. c. p. to hor. c. p. 


0.774 


0.751 


0.776 


0.767 


Volts 


110.0 


110.0 


110.0 


1100 


Amperes 


0.4705 


0.4377 


0.4574 


04552 


Watts 


51.76 


48.15 


50.31 


50.07 


Watts per spher. candle-power . 


4.156 


4.191 


3.862 


4.070 


Watts per hor. candle-power 


3216 


3.147 


2.996 


3120 


Resistance (hot) 


2338 


251.3 ' 


240.5 


241.9 



1889 Lamps in Order of Efficiencies expressed in Terms of Wati'S per 

Spherical Candle-power- (W. L. P.) 



1 
2 
3 

4 
5 
6 
7 



Maker. 



Sawyer-Man 
<« 

Weston 
Edison . . 

M 
U 
(f 



VolUge. 



60 
110 
110 
110 
110 
85 
93 



Rated 
candle>power. 



16 
16 
16 
32 
16 
16 
16 



Walts per 
candle-power. 



3.00 
3.17 
3.47 
3.89 
4.07 
5.04 
5.32 



Candles per 

electrical 
horse-power. 



249 
239 
220 
192 
184 
148 
140 
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1889 Lamps in Order of ErnaENaES expressed in Terms of Watts per 

Horizontal Candle-power. (W. L. P.) 



1 
2 
3 

4 
5 
6 
7 



Maker. 



Sawyer-Man 

M 

Weston . 
Edison . . 

a 
« 

M 



Voltage. 



60 
110 
110 

no 
110 

85 
93 



Rated 
candle-power. 



16 
16 
16 
32 
16 
16 
16 



Watu per 
caodle-power. 



2.45 
2.62 
2.93 
308 
3.12 
3.98 
4.26 



Candles per 

electriad 
horae-power. 



306 
288 
261 
242 
240 
188 
175 



1889 Lamps. Showing Candle-power actually given out in Spherical 
Candle-power in Percentage of Rated Candle-power. (W. L. P.) 



1 
2 
3 
4 
5 
6 
7 



Maker. 



Sawyer-Man 

Weston . 

Sawyer-Man 

Edison . . 
i( 

K 
l< 



Voltage. 



110 

110 

60 

93 

110 

110 

85 



Rated 

cacdle-power. 



16 
16 
16 
16 
16 
32 
16 



Percent. 



147 

131 

119 
79.1 
77.1 
75.2 
65.5 



Data and Plots of Various Incandescent Lamps. 
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1089 Lamps. Showing Candle-power actually given out on the Horizontal 
Circle in Percentage of the Rated Candle-power. (W. L. P.) 



1 
2 
3 

4 
5 
6 
7 



Maker. 



Sawyer-Man 

Weston . 

Sawyer-Man 

Edison . . 
fi 

« 



Voltage. 



110 

110 

60 

110 

93 

no 

85 



Rated 

candle-power. 



16 
16 
16 
16 
16 
32 
16 



Per cent. 



178 

155 

146 

101 
98.9 
95.0 
831 



Comparison of Four last preceding Tables, showing Position of Lamp 
when compared according to these methods. (w. l. p.) 



Maker. 


Voltage. 


Rated 
candle- 
power. 


Watts per 

spherical 

c p. 


Watts per 

horizontal 

c p. 


Per cent 

sphencal 

c. p. 


Per cent 

horizontal 

c. p. 


Sawyer-Man 


60 


16 


1 


1 


3 


3 


« 


110 


16 


2 


2 


1 


1 


Weston 


110 


16 


3 


3 


2 


2 


Edison 


110 


32 


4 


4 


6 


6 


« 


110 


16 


5 


5 


5 


4 


i< 


85 


16 


6 


6 


7 


7 


M 


93 


16 


7 


7 
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5 
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whose arms were easily measured, thus enabling the normal pressure 
due to a given weight to be calculated. It was thus obtained very 
easily, although the method is subject to the objection that there b a 
certain variation of the mass of the anvil electrode simultaneously with 
the variation in pressure. The use of a delicate spring instead of the 
weight would be preferable, but I have not yet found time to carry 
through observations by this method. The results reached are shown 
in Tables XVII. to XIX. 



TABI.R 


; xvii. 


TABLE 


XVIIL 


JECTKODES, Platinum, Platinum. 


Electkodes, Ca&bon, Cakbon. 


M onMu Pranvra 
ioOnuM, 


Eicanioo of HaoHwr 
at Critical P^ial. 


NotmalPicMne 
ioGraflM. 


at Criiical PobK 


0.34 


8X10^ 


0297 


8X10-* 


0J7 


14X10-* 


0632 


12X10-* 


1.20 


25X10-* 


O990 


12X10-* 


1^ 


37X10-* 


1.288 


12X10-* 


2M 


50X10-* 


1.650 


25X10-* 


ZSO 


61X10-* 


2.150 


25X10-* 


034 


10X10-* 


0272 


8X10-* 


0.77 


12X10-* 


0.616 


25X10-* 


1.20 


25X10^ 


0.960 


37X10-* 


L63 


37X10-* 


1304 


37X10-* 


2.06 


50X10-* 


1.648 


37X10-* 


2.50 


61X10-* 


1.990 


37X10-^ 


2.93 


61X10-* 








TABLE XIX. 






Electhodes, Carbon, Platinum. 




Normal Pretsura 
in Grams. 


Exconion of Hammer 
at Critical PoinL 


Normal Preaaaie 
in Grama. 


EzcaraaoQ of Hammer 
at Critical PoinL 


0.184 


8X10-^ 


0184 


8X10-* 


0.288 


12X10-^ 


0288 


12X10-* 


0.432 


12X10-* 


0.632 


12X10-* 


0.632 


12X10-^ 


0.990 


12 X 10-* 


0.990 
1.288 
1.654 


12X10-* 
12X10-* 
Anvil vibrating. 


O180 
0395 
0.620 


8 X 10-* 
12X10^ 
12X10-* 


0104 


>8X10^ 


0.644 


12X10-* 


a 132 


>8X10^ 


0149 


8X10-* 


0.153 


8X10^ 







It appears from these results, that the value of the excursion corre- 
sponding to the critical point rises with increase of normal pressure, 
soon attaining a maximum and constant value. The pressure at which 
this maximum value was reached was greatest when both electrodes 



The Lily Disease in Bermuda. 259 

It might, therefore, be found feasible to grow, in alternate rows 
with the lilies, some other crop which, being higher and having more 
spreading foliage, should keep off the dew. A row of stakes with 
branches wattled among them might serve the same purpose and 
check the virulence, even if it did not entirely prevent the recurrence, 
of the disease. 

Biological Laboratory, 

Mass. Institute of Technology. 



Explanation of Plate. — Fig. i. Upper side of a leaf, with two spots upon it, show- 
ing different stages of the disease; (a) an early, and (^) a more advanced stage. — Fig. 2. A 
section through a diseased spot when the disease is far advanced. The hyphae occupy all 
the tissue in the diseased area. — Fig. 3. A gonidiophore with its gonidia, showing the sterig- 
mata and the attachment of the gonidia. — Fig. 4. A series of bunches of gonidia on an old 
gonidiophore. — Fig. 5. An organ of attachment. (After Marshall Ward.) — Fig. 6. Part of 
a mycelium showing cross branches. — Fig. 7. Gonidia; (a) an ordinary gonidium ; (b) and 
(c) forms frequently assumed by gonidia shortly before germination. — Fig. 8. A sprouting 
gonidium. 



28o Heinrich O. Hofman. 

VII. Conclusion. 

From this examination of the diflferent methods of assaying tin ores 
in the dry way, it becomes apparent that, if ordinary precautions are 
taken, the necessary treatment, including the preliminary preparation 
of the ore, is a comparatively simple matter ; neither is the influence 
of the associated minerals so great, at least with the cyanide assay, as 
is generally supposed. Lastly, the results obtained show that the dry 
assay of purified black tin gives more accurate results than that of 
any other base metal, if the few correct methods, none of them re- 
quiring special skill, are followed and ordinary care is g^ven to the 
work. 
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other red liquor at 12° Tw. The pieces were carried together through 
the whole process except the treatment with the alumina salts, dyed, 
steamed, and soaped together. Several experiments of this description 
were made. The red produced by the lactate was a little lighter and 
yellower, but the difference between the results produced by the lactate 
and acetate is very small. In connection with these experiments, an 
alizarine red was dyed, in which butyrate of aluminum was employed. 
The red was bluer and heavier than that produced by red liquor. The 
blue shade may have been due to a trace of iron in the aluminum 
butyrate. It offers no advantage over the acetate. 

The experiments described in this article would indicate that lactic 
acid may be used to considerable advantage in dyeing alizarine upon 
wool, and in cotton printing in the place of tartaric and citric acids. 

Mass. Institute of Technology, 
May^ 1890. 
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desirable. The cam-rod was therefore provided with a brass dia- 
phragm-holder, so that the diaphragm, being carried by this, was 
moved bodily forward by the longitudinal motion of the cam-rod. A 
series of observations made with the same diaphragms used in the ex- 
periment last described gave the results shown in Tables IV., V., and 
VI., which are in substantial accord with those reached with the earlier 
form of the apparatus as given in Tables I., IL, and III. From these 
tables the curves shown in Figure i were constructed. The induced 
currents are represented by abscissas, the strength of the field by 
ordinates. 







TABLE 


L 










Diaphragm, Sheet Iron, 


, No. 


. 21. 




Strength of Field. 


Induced Current. 






Strength of Field. 


Induced Current 


.000 


0.0 








384 


105.7 


.070 


19.0 








.441 


102.0 


.119 


38.0 








.492 


1013 


.158 


49.5 








.584 


101.0 


.202 


64.0 








.637 


98.0 


.246 


77.7 








.740 


92.3 


.292 


933 








.900 


883 


344 


99.0 


TABLE 


IL 










Diaphragm, Sheet IroN; 


, No 


. 22. 




Strength ci Field. 


Induced Current. 






Strength of Field. 


Induced Current. 


.000 


0.0 








380 


97.5 


.070 


19.5 








.425 


%.8 


.105 


35.5 








.456 


96.7 


.141 


39.7 








.514 


94.0 


.176 


47.0 








.577 


88.0 


.222 


633 








.700 


843 


.258 


73.7 








.781 


76.5 


.306 


86.0 








.916 


71.5 


.344 


94.0 


TABLE 


IIL 










Diaphragm, Sheet Iron 


, No 


. 23. 




Strength of Field. 


Induced Current. 






Strength of Field. 


Induced Current 


.000 


0.0 








325 


863 


.070 


15.5 








364 


90.0 


.123 


30.5 








.492 


82.5 


.155 


42.3 








.558 


76.0 


.194 


53.8 








.637 


66.5 


.236 


650 








.700 


61.5 


.268 


75.7 








.900 


50.8 
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TABLE 


IV. 








Diaphragm, Shelt Iron, 


, No. 21. 




Strength of Field. 


Induced Current. 






Strength of Field. 


Induced Current. 


.000 


1.7 






.620 


124.3 


.123 


28.3 






.649 


118.3 


.194 


44.0 






.700 


111.0 


.262 


55.8 






.787 


102.9 


.306 


63.9 






.862 


%.5 


.384 


82.3 






.976 


88.5 


.466 


98.5 






1.213 


68.5 


.554 


118.5 


TABLE 


V. 








Diaphragm, Sheet Iron 


, No. 22. 




Strength of Field. 


Induced Current. 






Strength of Field. 


Induced Current 


.000 


0.5 






.514 


86.7 


.125 


22.5 






.596 


91.4 


.191 


363 






.654 


890 


.268 


45.3 






.716 


81.5 


.302 


528 






.807 


77.0 


325 


56.9 






.983 


693 


.420 


72.3 






1.065 


56.3 


.466 


843 


TABLE 


VL 


1.235 


52.3 




Diaphragm, Sheet 


Iron 


, No. 23. 




Strength of Field. 


Induced Current. 






Strength of Field. 


Induced Current 


.000 


0.0 






.488 


90.5 


.126 


208 






.577 


87.5 


.134 


34.9 






.654 


80.3 


.266 


43.8 






.716 


72.0 


.302 


52.4 






.784 


57.4 


.337 


62.5 






.888 


43.2 


.412 


830 






1.036 


30.5 


.449 


89.3 






1.235 


24.5 



The numbers 21, 22, 23, affixed to the curves of Figure i, indicate 
the thickness of the corresponding diaphragms by their gage number 
(B. W. G.). The curves show that with the diaphragms Nos. 21, 22, 
23, the maximum induced currents were 124, 93, 91, respectively, cor- 
responding to relative strengths of field 61, 56, 49. The results reached 
in the earlier article are fully confirmed by these figures, which prove 
that, within the limits of the experiments, the maximum current is 
greater, and is reached with a stronger field, as the diaphragm is 
thicker. 



302 



Charles R. Cross and Harry E. Hayes. 



line current, and since this was found to be sensibly the case, the 
strength of six milliamperes was adopted, as already stated. 



TABLE VII. 



No Diaphragm. 



Strength of Field. 


Induced CturenL 






Strength of Field. 


Induced Current 


.000 


101.5 






.554 


90.7 


.070 


101.8 






.727 


843 


.167 


101.2 






.933 


77.6 


.244 


101.0 






1.043 


71.8 


.348 


97.8 






1.192 


67.7 


.445 


95.2 














TABLE 


vin. 


• 






Diaphragm, 


, Ferrotype Iron, No. 31. 




Strength of Field. 


Induced Current 






Strength of Field. 


Induced Current. 


.000 


123.0 






.488 


110.9 


.072 


124.4 






.625 


10L7 


.112 


123.4 






.754 


93.2 


.176 


123.0 






.897 


84.0 


.259 


120.5 






1.072 


77.9 


.327 


118.7 






1.235 


72.0 


.402 


115.4 


TABLE 


IX. 








Diaphragm, Shrrt Iron 


f, No. 21. 




Strength of Field 


Induced Current 






Strength of Field. 


Induced Current 


.000 


131.0 






.437 


121.7 


.073 


130.2 






.521 


118.4 


.107 


130.0 






.649 


1113 


.167 


129.7 






.754 


108.5 


.207 


129.2 






.933 


100.2 


.257 


128.0 






1.076 


92.2 


356 


125.4 


TABLE 


X. 


1.280 


81.4 




Diaphragm, Sheet Iron, No. 22. 




Strength of Field. 


Induced Current 






Strength of Field. 


Induced Cnrrent 


.000 


i3a8 






.394 


122.2 


.C73 


131.4 






.475 


120.2 


.112 


131.6 






.601 


113.9 


.169 


130.2 






.754 


106.4 


.204 


129.2 






.875 


98.4 


.255 


128.2 






1039 


88.7 


313 


126.0 






1.235 


827 



304 



Charles R, Cross and Harry E. Hayes. 



dcnce that above No. 22 an increased thickness of diaphragm causes 
little effect. 



TABLE XIII. 





Deflections 




M^an. 


Hfl1lldfffl#rtiAn&. 


A 


B 


C 


A*4l^«iU« 


AAOII^l^CUWt'iVAAva 


281 


28.3 


281 


281.7 


140.9 


285 


286 


285 


2853 


142.7 


285 


284 


285 

« 


284.7 


142.4 


284 


284 


284 


284.0 


142.0 


283 


283 


282 


282.7 


141.4 


277 


278 


277 


2773 


13a7 


269 


268 


267 


268.0 


134.0 


263 


265 


265 


2643 


132.2 


256 


257 


255 


256.0 


128.0 


249 


250 


249 


2493 


124.7 


226 


225 


227 


226.0 


113.0 


210 


208 


208 


208.7 


104.4 


199 


199 


197 


1983 


99.2 


178 


178 


179 


1783 


89.2 



A comparison of the curves will show that, with the exception of 
Curve 31, for which the diaphragm was of ferrotype iron, the value of 
the maximum induced current is greater according as the diaphragm 
is thinner; and also that the strength of field corresponding to this 
maximum current is likewise greater the thinner the diaphragm. The 
following approximate values were found from constructions of the 
curves on a large scale. 



For No. 


26, Maximum Current • 


= 142, 


Field 


= .18 


(( 


<( 


23, 


it 


tt 


137 


(t 


.13 


(1 


It 


22, 


tt 


tt 


132 


tt 


.10 


n 


« 


21, 


It 


tt 


131 


It 


.06 



It also appears that with the thinner diaphragms the decrease of the 
induced current with increase of field, after the maximum value of the 
current is reached, is more rapid than with the thicker ones. Moreover, 



3i6 George E. Hale, 

the stationary slit. This will probably give the greatest steadiness of 
motion obtainable, if used with a carefully made clepsydra, possibly of 
the form perfected by Dr. Draper. 

The sun-spot minimum being now well past, it is hoped that promi- 
nences will be more frequent and more brilliant than was the case 
last winter, and the substitution of an equatorial for the horizontal 
telescope will certainly render the solution of the problem much less 
difficult. 

Kenwood Physical Observatory, Chicago, 
October 24, 189a 



320 Alphonse N. Van Daell. 

and German a four years* course, including the principles of grammar, 
the study of literature, and, when the pupils are advanced enough to 
hear a lesson given in the language and are capable of answering, the 
vernacular itself is taught. 

Through the liberality of the Corporation, a library is now being 
started where students may find a series of selected reference-books 
which many could not afford to buy. It is to be hoped that this library 
may be increased from time to time, and the aid of friends would be 
welcome in that direction. A collection of general and technological 
dictionaries and vocabularies, and of the best editions of standard litera- 
tures, ought to find a place there. 

The Massachusetts Institute of Technology has also offered courses 
in Italian and in Spanish ; and it is the fond hope of the department 
that these may develop. Mexico presents a new and extensive field 
for young and enterprising engineers, and students of art and architec- 
ture ought to be given an opportunity for becoming acquainted with 
Italian art, so far as this can be done through the medium of the 
language. 
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THE APPLICATION OF CERTAIN DETERMINANT 
THEOREMS TO A PARTICULAR CASE, 

BY H. W. TYLER, Assistant Professor op Mathematics. 

Among the various determinants occurring in algebra, perhaps none 
possesses greater interest than the determinant of order 2 «, 



S = 



a^ ai a^ ' " a^^i a„ .. 

a^ ai ... a«_j a„_i a^ . . 

• • • • • • 

000 . . . tf g ai tf 2 * ' 
^0 ^1 ^a ••• ^«-i ^H .. 
^0 ^1 ••• ^H-i K-i K " 

• . . ^g dl ^2 • 


. . 

. . 

1 • 

• a^ 
• . 

. . 



(0 



The relations of this determinant to the two polynomials 



/(*) = «»*" + 






(0 



and to the equations /(x) = o and <}> (x) = o, are well known. We 
have, namely, the identity 

S = A(x) .f(x) + B(x) .4>(x), 

where A (x) and B(x) are certain polynomials of the (n — i)st degree 
in X, Moreover if / (;r) = o and <t> (;r) = o have a common root, 
S = o, and vice versa. 

In this paper I shall, following a different direction from that just 
indicated, develop certain properties of the determinant S, primarily 
independent of its significance in general algebra. 



General Theorems. 

For convenience I may preface the treatment of the special problem 
by the needed theorems from the general theory of determinants. Since 
proofs of these theorems are for the most part accessible, they will not 
here be given ; ^ subsequent applications may be easily verified indi- 
vidually. 

* See Gordan's " Vorlcsungen iiber Invariantentheorie," Vol. I. 
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For brevity, the matrix 



M = 



H 


'. w. 


Tyler. 


Sxx 


Jl2 . . 


• ^\m 


s%x 


Jjj • • 


' s^^ 


Sn\ 


•^«1 • • 


'^Mm 



will be denoted by \sa\ , the number of rows and columns being 
usually indicated by the context. 

Definition I. The product of two matrices. A = I ^^I and 5 = | ^^|, 
having each m rows and ;/ columns, where (« < tn) is a determinant, 
P ^ \ptk\y whose elements are derived from those of the two given ma- 
trices, as in multiplication of determinants, by the formula 



/,* = (i\iKk + a%ib^k + • • • + Omi^mk- 



(3) 



«ii 



^12^11 +<3^22^«1 +^32^»l ^'W^W + ^22^22 + <^S2 ^S2 

Theorem I. If we denote by J/-, Mi^ Mi, respectively, the matrix 
obtained by omitting the Mh column of J/, the /-th row, or both, and if 



Example : 




flu flu 




^11 ht 


fljl flM 


X 


hv h\ 


^31 «32 




^81 ^12 



then is 



Example : 



flu flia fli8 




^11 ^12 ^18 




fl2l fl22 ^88 


X 


h\ ^22 ^28 


— 


^81 ^38 ^3» 




h\ ^82 ^83 





P = Ax B, 
p. =z A- X B-, 

A • * 

^11 hi H- ^21 hi H- ^81 ^81 ^^ll hi + ^l hi + <'81 ^82 • 
^12^11 ~i"fl22*21 "H flsa ^81 • • . • . 



Comparison with the previous example shows that 

More generally, if -P = A x B, 

P^ , .. = A X B— — --. 

Definition II. If the elements of two matrices, A = | at^ \ and 
-5 = I ^,* I , having each m rows and respectively n and (»« — «) 
columns, satisfy the relation 

for all pairs of values / = i, 2, . . . «; k = i, 2, . . . (w — «); i4 
and 5 are called corresponding matrices. 
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Example: A = 



axx 


ai2 


an 


^22 


^^ai 


«32 


au 


^42 



and jB = 



^l 


^1, 


6ii 


bn 


bi 


*„ 


*« 


*« 



are corresponding matrices if 



an bn + a^i b^ + ^si ^si + «4i ^41 = 

«12 ^11 + ^22 ^21 4- «82 ^31 + ^42 ^41 = 
a\\ bi2 4- ^Zai ^22 + ^31 ^88 + ^41 ^42 = 
^12 ^12 + «22 ^22 + «32 ^32 + <I42 ^42 = 



O 
O 

o 
o 



Definition III. The omission of (w — «) rows of -4 of Definition II. 
leads to a determinant of order n ; this determinant is said to correspond 
to the determinant of order {in—n^, consisting of the similarly situated 
(w — //) rows of the corresponding matrix B, 

Example. Omission of ist and 3d rows of A in previous example 



leaves 



^21 ^22 
«41 ^42 



the corresponding determinant of B is 



bii bii 
b%\ b^ 



Theorem II. Corresponding determinants of corresponding matrices 
are (in absolute value) proportional. 

Theorem III. If A and B are corresponding matrices, and C any 
other matrix having the same number of rows and columns as A^ then is 

^ X C= \\BC 



the expression | 5 C | denoting the determinant composed of the 
columns of B and of C; X is the ratio between corresponding deter- 
minants of A and B. 



Example : If 



a\\ ax% 




bn 


^21 ^22 


and 


btx 


flsi «82 




bz\ 



correspond, then is 



a\\ dfu 




Cii C12 




^21 '^22 


X 


Cii ^22 


= X 


a%\ a„ 




^81 ^81 





bii ^11 ^12 
*2i ^21 ^22 

bsi ^81 ^32 



, where X = 



an ^21 

^Sl ^'82 



'11 



Theorem IV. Given n linear equations in m unknown quantities, 
where m% n, 

Ai = aiiXi -h ai2X2 -h ' ' ' + ai„x^ = o 

A2 = ^21 "^l "4" ^22 -^2 ~f" • • • "f" ^2 «• ^m = o 



-^« = a^iXi + a„2^2 + " * + o 



nm^m """ O 
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If we form by linear combination the «' equations 

Bx = All A\ + ^81 -^2 H VKi\ A^ — bxx ^1 H- ^12 ^2 H + hm Xm = 

B^ = Aia -^1 + A22 -^2 + • • • + A^a -^„ = ^21 -^i + ^22 -^2 + • • • + ^2« *-. = 



o 
o 



then is in general, by a simple extension of Definition I.,. 

B = dkX A, 

where B = \bn,\i A = \ait\, and A = | A,^ | . 

If, however, the quantities x,-^ ;r,— • • Xi^ have been eliminated by the 
the linear combination, we have 



^ = A X ^ 



<«i 



iV»"»i 



(4) 



If in particular (n — ^O unknowns are eliminated, then are, in gen- 
eral, A and the matrix of the omitted columns of A corresponding 
matrices. 



Example : 



Ai = aixXi + ^12^2 + ^18^8 = o 
A^ = O2X Xx + «22 ^2 + ^28 -^a = ® 
A^ = a^X + <Z82^2 + ^38^8 = ^ 



Let 



Bx = All ^1 + ^21-^2 + Aji^j = ^11^2 + ^12^8 = O 
B2 = A12 -<4i + A22 A2 + A82 -<^8 = ^21 ^2 + ^22 -^8 " ^ 



then is 



bxi ^12 




All ^12 




^12 ^18 


dn ^22 


— 


A21 A22 
Aai A82 


X 


^22 ^28 
^82 ^38 



while, since xx has been eliminated, 
sponding matrices. 



All ^12 




axi 


A21 A22 


and 


an 


^81 ^82 




^81 



are corre- 



Special Systems of Equations. 

The general theorems above enunciated will now be applied to the 
determinant 5, and to certain related matrices; for convenience, the 
case « = 4 will be considered. 
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The determinant 



S = 



«0 


ai 


flr. 


«. 


«« 














^0 


ai 


«» 


«. 


<*< 














^0 


«! 


'»« 


«» 


^4 














«0 


«l 


tfj 


^8 


^4 


*. 


h 


it 


*, 


K 














K 


h 


*. 


K 


^ 














h 


^1 


K 


h 


*« 














*. 


h 


h 


*. 


K 



is the coefficient-determinant of the equations 

X* .it>lx) = If^x'f + '" +^4^^ 

X*.ff>(x)=: doX^+'" +^4^ 

JT . 4>(x) = ^^^ + • • • + ^^X 



o 
o 
o 
o 
o 
o 
o 



I : ks) 



These eight equations may be regarded for our purposes as linear 
equations in the quantities x^, x^, , . . x^ jfi. 

It was observed by B^zout in the last century, that certain linear 
combinations of these equations lack the terms x^^ ;r*, x^, x^, as will 
now be shown. 



^ ^0 + ^s] 

x^A^ + Bi 

xA, + B,\ 



Let f(x) = rt„^* + ^1^ + a^x^ + a^x + a^ 

= x^ (flo) + (^1^ + ^2 ^ + a^x + a^ 

= ^* (tf^^ + ^1 X + df,) + {a^x + ^4) 
= x{a^x^ + ai^c* + <7a* + a^ + a^ 

and, similarly, 

^(^) = **(7o + A = *'^i + A = x^c^ + A = *c; + A> 

where the indices Senote always the degree in x. 

Now the equations 

-C,/(x)+A,i>(x) = o] 

-C^/(x) + A^<l>(x) = o 

-Ci/(x) + Ai<l>(x) = o 



(6) 



(6) 



(7) 



are, on the one hand, linear combinations of the eight equations (5) ; 
on the other hand, they contain only the terms x^, j^, x, x^. 
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Proof. The four equations may be written 

—^o^'A^)—^iA-^) r^aoX'ip(x)-\'ai^{x) 



^1 

= o 



K8) 



On the other hand, replacing /(;r) and </> (jr) in equations (7) by 
their values (6) in reverse order, we have 



C,B, 


+ A, 


A 


= 





C2B1 


+ ^2 


A 


= 





Ci B2 


+ ^1 


A 


^ 





C,B, 


+ A 


A 


; 






(9) 



and the indices show that none of these equations can be of higher 
degree than the third. 

Similarly we may derive four equations containing only the powers 
x', x*, ;jr*, X*. Such are, namely, the equations 



x'iD,f{x)-B,4>{x)-] 

Bt 4, (x)-] 
B,<t>(x)] 



X ID, fix) 

A/(*) 



= O 

= O 

= o 

= o 



(10) 



for they may be written, on the one hand, 

h ^' 'A^)+^i ^ A^) -^8 J^ • Pi^)-^* ^ ' <I>M 

d2X^'A^)+h^^-A^)+h^'A^) -a2X^'4>M-^tX^'4>{^)-aiX.if>{x) 

h ^ 'A^)+^i ^ 'Ax)-^h X 'Ax)-^^kA^) -^1 •*' • ^l-*") -«3 ^- • <^(-«-)-«» X . 0(x)-fl4 0(x) 

on the other hand, by means of (6), 



o 
o 
o 
o 



(") 



**[- 


C,B, 


+ A, 


A] 


= 





*'[- 


 C^By 


+ A, 


A] 


r— : 





*^[- 


' Ci B2 


+ Al 


A] 


— 





**[- 


C,B, 


+ A 


A] 


— 






(12) 



In order to obtain an analogous group of four equations containing 
any four consecutive powers of x, it is only necessary to combine the 
previous results. The equations containing x*, x^, a^, x, are these : 



D,/(x)-B,il.(x) 
* [- Ci/(x) +Aii, (*)] 



o 
o 
o 
o 



(13) 
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those containing :r*, x^, x^, jfl, 



Z>i/{x)-£^i>(x) =0 
** [- Q/ix) + Ai<f, (x)] = o 



and those containing x^, jr*, x*, x^. 



^ {.DJ (*) - ^0 ^ {x)-\ 
X [A/ (x) -■Bi<f> (Jc)] 



= o 

= o 

= o 

= o 



(m) 



(is) 



It appears by equations (9) and (12) that the five systems of equa- 
tions (7), (10), (13), (14), and (15) differ from one another only in the 
exponents of x, and have thus all the same coefficient-determinant, 
which we shall denote by 



Transition to Matrices. 

From these related systems of equations the general theorems pre- 
viously enunciated lead to corresponding relations between matrices. 
The equations (7) or (8) are derived, namely, by linear combination 
of the equations (5), the quantities x^, ;r^, x^, and x^ being thereby 
eliminated; applying the second part of Theorem IV., we have 



that is. 



J? = 





J. 




<-» y\ 


"^1234' 








^ 













^^4 











b. 


-K 










^8 


«4 








b^ 


-^ 


-h 







a^ 


^8 


«4 





«0 


-^2 






-^0 




X 




^2 



^8 



«4 



«1 


^0 










K 


^ 








Hi 


«1 


^0 




^0 




b. 


bs 


^ 
^ 






(16) 



Similarly, the group (11) or (12), since x^, x^, x, x^ have been elimi- 
nated, leads to the equation 
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X = 







H. 


IT. 3>/^. 




*4 


h 


b^ 


h 




«0 


Gx tfj tf, 


o 


^ 


b. 


h 




o 


^0 ^1 ^« 


o 


o 


K 


K 




o 


O tfo ^1 


o 


o 


o 


K 


X 


o 


O O tfo 


«4 


-"i 


—a. 


— tfi 


h 


^1 ^« ^8 


o 


-'»4 


-«s 


— tf. 




o 


^0 ^l ^« 


o 


o 


-^4 


-«s 




o 


o ^0 ^i 


o 





o 


— «A 




o 


O O ^ft 



(i6) 



and, corresponding to the groups (13), (14), and (15), we have the inter- 
mediate products, 



H- 



-*o 




''8^40 







0—^0 




^^3^40 




000 — *o 




«l^«8<»4 


-^1 —^0 




^2 ^8 ^4 ^ 







—^1—^0 




ay a^ a^ a^ 




^4 h h 




Oo^i^s^ 


— ^j — ^i — ^0 




<Jl 02 ^8 «4 




^4 


^8^0 




aoaia^Of 




b^ bfi 




^0^1^ 


^4000 


X 


«o «i ^a «8 


^ 





^400 


X 


aoaio^ 


^•mt 


^4 


X 


AqOi 


ao 




b^b^o 







^0 




b^b^b^o 




^0 




h ^8 *8 ^4 


^i tfo 




^S ^8 ^4 







«! «o 




h h h *4 




— <I4 — tfy — flj 




^0 h h ^t 


<7j «! flo 




^1 *2 ^8 *4 




— tf 4 — ^3 




*o h h h 




-^4— tJ8 




^0 ^1 ^ 


— fl4 000 




*0 ^1 *S ^ 







—a^ 




bobib^ 




— ^4 




^0^1 



(16) 



These five product values of R are given in full, because on them 
depend the further results to be obtained. It will be observed that the 
second factor in every case consists of four consecutive columns of 5. 
Moreover, by the last sentence in Theorem IV., it appears that in 
every case the matrix of the other four columns of 5 and the first 
factor are corresponding matrices. Such are, for example. 



—b. — ^- —by—b, 



— ^0 o o 
— ^1 —^0 o 
—^2 —bx — ^0 
bx 
o 
o 

^1 



ax 



bx 

h 
o 



o 
o 
o 



ax 
at 



o 
o 
o 



aitd S;^. = 



A678 



<Jo ax a% AT, 
o a^ ax tfi 
00 a^ ax 
o o o a^ 
bo bx bi b^ 
o b^ bx bf 
00 b^ bx 
o o o bn 



as may be readily verified by means of the equation of Definition II. 
These two corresponding matrices bear a very marked resemblance 
to each other. In fact, each arises out of the other by reversing the 
order of rows and of columns, and by changing the signs of the ^'s. 
With the corresponding matrices. 
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-^0 











-^1 


-K 








-^,- 


-^- 


-A 


K 














^0 











a\ 


«0 








a^ 


«1 


«( 


a^ 












and 



^0 ^1 ^« o 

o ^0 ^1 o 

o o O tf^ 

^0 ^1 ^2 o 

o ^0 ^1 o 

o o ^^ o 

000^^ 



= S 



4667 



the mutual relation of form is somewhat more complicated, but still 
definite and intelligible, although not easy to formulate. We shall say 
that either matrix arises by inversion of the other, and shall use the 
process of inversion to derive a matrix corresponding to a given matrix 
having the form of one of our five factors, A. 

The results thus attained may be summed up as follows. 

Theorem V, To the matrix obtained by omitting any n consecutive 
columns of the determinant 5 of order 2 n corresponds a matrix ob- 
tained by inversion of the one taken. The new matrix multiplied by 
the matrix of the n consecutive columns of 5 gives a determinant R 
of order n, which is in every case the same. The determinant R may 
thus be represented in (« + i) ways as the product of two matrices, 
each of n columns and 2 ;/ rows. 



Relations between R and 5. 

By means of the product values of R it will be proved : 

1. That;? = 5. 

2. That every first subdeterminant of R is equal to a second sub- 
determinant of 5. • 

I . Proof that R = 5". The first part of Theorem V. enables us 
to apply to any of the five product values of R in equations (16) 
Theorem III. We have, for example: 



^ = 






-^ 










a^ a^ 




a^ di a^ 


a^ a^ 





-^■ 


-^ 







a^ a^ a^ 




a^ ai 


a^ tf 3 a^ 





-^,. 


-b,- 


-K 




/?i /jj a^ a^ 




a^ 


ai tfj ^3 a^ 






^0 










X 


^0 ^1 ^2 ^8 

b^ b^ 


= 


a^ 
^0 ^1 ^2 


a^ ai fla a^ 
b^ b^ 





ai 


«o 







bt b^ b^ 




^0 ^1 


h ^s ^4 





aa 


ai 


^0 




bi b^ b^ b^ 




^0 


bi b^ b^ b^ 


^4 













bo bi b^ b^ 




^4 


/'o ^1 ^2 h 



(17) 
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X being the ratio between corresponding determinants of the corre- 
sponding matrices 



^0 o o 



o — bx ... 



— a. GOO 



and 



dfo ax a^ o 

O <7q ... 

•  • • 

O O O ^4 



We have 



o a^ o o 

O <7i /7q o 

o ^2 ax a^ 

a^ o o o 



a^ ax a^ o 

o a^ ax o 

o o a^ o 

o o o ai 






and since the determinant in (17) coincides with 5 on transferring the 
fourth column to the end, we have 

^ = 5. 

2. First Subdcterminants of R, Theorem I. and equations (16) 
enable us to apply the same principle as above to some of the sub- 
determinants of R, 

Example. Theorem I. applied to the first of equations (16) gives 



^h = 












K 








bx 


-K 





^2 


-bx 


-b. 











^0 








a\ 


^0 





a% 


a\ 


^0 



a^ 





^s 





a^ a^ 





^1 ^3 


^4 


b^ 





bs 





bi ^4 





bi b. 


b. 



The definition equation (3) shows that the first and fifth rows of dotA 
matrices have no effect on the product ; that is, 



^1 = 

8 



-b 




b, 

b2 



-by -A 



— bo — bt — b 



^0 
^2 





bi 
o 

ax 



o 
o 



o 
o 

^0 





«J 




a^ a^ 


X 


ax a, a^ 
b^ 




bi b^ 




bx b^ b^ 



\ 
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The first factor is of the same form as the original factor in R\ 
therefore inversion leads to a corresponding matrix, and we have by- 
Theorem III. : 



i?! = X 



^0 


ax a^ 


<j, 








^0 ^1 


tf 2 tf 4 








^0 


ai a^ 


^4 


K 


bi b. 


bz 








^ h 


h b. 








b^ 


b, b. 


h 



where X = 



«0 








ai 


«o 





a^ 


«i 


^0 



= I. 



«0 


ai a^ 





^0 


ai 








«o 



The new determinant may be obtained from 5 by omitting the fifth 
and eighth columns and the fourth and eighth rows, or by omitting the 
first and sixth columns and the first and fifth rows. That is, 

J?l = 5|8 = •S'15 

In general for Rt^ we have only to choose such a product formula from 
(16) that the omission of the /-th column from the first factor shall leave 
two rows of zeros ; the omission of these rows and of the corresponding 
rows of the other matrix gives a product to which Theorem III. is 
applicable. The determinant finally obtained arises from S by omis- 
sion of the first and fifth rows and the first column, or of the fourth 
and eighth rows and the eighth column, and, in each case, of a second 
column whose number depends upon i and k. All such determinants 
are contained in the matrix 



5' = -S",. 
1 



— Ojft — 



48 
8 



we have, for example. 



^1 = 



a^ ffi 02 ^8 ^4 o o 

o Oq ai a2 a^ a^ o 

o o (Iq di a^ a^ a^ 

bo bi bi b^ b^ o o 

o b^ bi b^ b^ 64 o 

o o ^Q ^1 b^ b^ b^ 



^'r 



(1 8) 



The above process leads in the general case to the formula 



i?, = S' 



H — i+k 



(19) 



In view of the simplicity of method and complexity of detail of the 
general case, only the following additional example need be given. The 
third product value of ^^ leads to the equations 
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in accordance with (19). 

For « = 4, (19) leads to the equations 

^4 

1 

J?, = ^. 

1 2 

-^a = -^s = -^4 



12 8 4 

^1 = -^2 = -^8 

2 8 4 

t 4 



= S', 

¥ 



= 5' 



= 5' 



Theorem VI. The determinants ^ and 5* are equal. Each of the «* 
first subdeterminants of R is equal to one of those (2 « — i) second 
subdeterminants of 5 contained in the matrix S^ = •S'i,«+i = 5,,ii,, as 
expressed by equation (19). 



%n 



The same method may be applied to some of the second subdeter- 
minants of Ry but not to all. A treatment of this case, as well as 
proofs of the general theorems above used, is to be published in the 
Sitzungsberichten der Erlanger physikal. medicin, Societdt. It may be 
added, that whatever is new in the present paper is largely due to the 
suggestions of Professor P. Gordan of Erlangen. 
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of the process were of any advantage in simplifying the method or 
enhancing its accuracy. 

Two solutions of manganous chloride were prepared, and measured 
portions were taken for precipitation. In the first method, Gibbs's 
original directions were followed.^ The precipitation was made in a 
platinum dish, by adding a solution of sodium hydrogen phosphate 
in excess. The white precipitate which formed was dissolved in hydro- 
chloric acid, the solution heated to boiling, and ammonia added in ex- 
cess. The solution was now boiled for ten minutes and allowed to 
stand near the boiling point for one hour. It was filtered hot, and 
washed with hot water. 

In the second method, Blair's^ directions were followed. The solu- 
tion was made acid with hydrochloric acid, an excess of sodium hydro- 
gen phosphate added, the solution brought to boiling in a platinum 
dish, and ammonia added drop by drop, with constant stirring, until 
further addition of a drop of ammonia made no change in the silky 
character of the precipitate ; a dozen drops more of ammonia were 
added, and after boiling a minute longer the solution was cooled in ice 
water before filtering. The wash water used was made by dissolving 
ten grams of ammonium nitrate in lOO c.c. of slightly ammoniacal 
water. 

The chief object in view in the third method was to discover if there 
is any valid objection to making the precipitation in glass, and also to 
determine the length of time required for complete precipitation. To 
the solution of manganese salt in a beaker, hydrochloric acid and so- 
dium hydrogen phosphate were added. The solution was heated to 
boiling, and 20 c.c. ammonia water added. The boiling was continued 
three minutes, with constant stirring, which is absolutely necessary to 
prevent bumping. The wash water used was made by adding one vol- 
ume of ammonia (sp. gr. 0.96) to three volumes of water. Following 
are the results obtained in this series of analyses. 

^ Am. Journal of Science [II.], Vol. XLIV. p. 216. 
^ The Chemical Analysis of Iron, p. 93. 
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Comparison of Results obtained by the Three Methods. 





Gibbs's Original 
Metliod. 


Blair's 
Mcihod. 


Precipitation in 

Glass and washing 

with Ammonia 

Water. 


Weight of Manganese Pyrophosphate 
obtained, first Solution 

Do., second Solution 


Grams. 

( .4990 

\ .4996 

.0897 


Grams. 
.4997 

.4992 

.0896 


Grams. 
.49^ 

.5007 

.0894 



Three more determinations were made by precipitation in glass, but 
the precipitates did not become crystalline in three minutes, and the 
washings were turbid. 

The manganese precipitates after ignition were examined for silica, 
but none was found. 

This set of experiments seems to show that essentially the same 
results are obtained by following either Gibbs's or Blair's directions; 
also that glass is not attacked by the solution in three minutes' boiling, 
but that this time is not always sufficient to insure the complete con- 
version of the precipitate to the crystalline form which is necessary 
before filtration. 

Another series of experiments was made in the same manner, but 
with a different amount of manganese. 

Second Series of Results. 





Gibbs's Method- 


Blair's Method. 


In Glass 
as before. 


Weight of Manganese Pyrophosphate 
obtained 


Grams. 
.2415 

.2427 

.2408 

.2432 

.23551 


Grams. 
.24J2 

.2432 

.2385 

1 
• . . . 

1 
«... 


Granu. 
.2412 

.2427 

.2425 

.23871 





These results confirm those in the first series, and indicate the neces- 
sity of having the precipitate thoroughly crystalline. 

* Not crystalline. 
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The amount of manganese in the filtrates and washings of each set 
of these experiments was determined, (except in those cases where the 
precipitate was not crystalline,) with the following results. The total 
volume of the filtrate and washings was in each case about 300 c.c. 

SOLUBILFTY OF THE PREaPFTATE. 





Gibbs's Method. 

Washed with 

Water. 


Blair's Method. 

Washed with 

Dilute AramoDium 

Nitrate. 


In Glass. 

Washed with 

Dilute Ammonia. 


Filtrate contained Metallic Manganese 
Washings contained Metallic Manganese 


Average Gram. 

.0005 
.0005 

• 


Average Gram. 
.00(H 

.0012 


Average Gram. 

• • • • 

.0003 



In order to determine the relative values of the three wash waters 
under precisely the same conditions, about three times the usual 
amount of manganese was precipitated by Gibbs's method, and the 
precipitate was divided into approximately equal parts by pouring 
alternately on three filters. The precipitate in each filter was washed 
thirty times, 7 c.c. of wash water being used each time. 

The following results were obtained in two experiments. 

SOLUBILFTY OF PREdPrTATE. SECOND SERIES. 





In Hot Water. 


In Ammonia (1:4). 


In Ammonium 
Nitrate. 


Washings contained Metallic 
Manganese 


Grams. 
^ .0012 

\ .0018 


Grams. 

.0019 
.0016 


Grams. 
.0024 

.0014 



These results show that, if there is any preference, it is in favor of 
hot water. 

On washing with ammonia water the precipitate is changed in color 
to a dark gold, which change does not occur with either of the other 
wash waters. 

Another set of nine determinations was made in glass by boiling the 
solution, with constant stirring, for eight miuutes, or until the pre- 
cipitate seen through the walls of the beaker had a peculiar silky 
appearance, resembling that of mercurous chloride when precipitated 
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from a mercuric salt by stannous chloride. The precipftate was washed 
with hot water. 

Results of Precipitation in a Beaker and Washing with Hot Water. 



Grams. 


Grams. 


Grams. 


.2450 


.2445 


.2450 


.2445 


.2443 


.2445 


.2440 


.2443 


.2442 



Weight of Manganese Pyrophosphate 
obtained 



No silica could be found in any of the precipitates after ignition. 

In one experiment iron was present in small amount with the man- 
ganese. The precipitated phosphate had a beautiful gold color, and 
on being washed with dilute ammonia dissolved gradually in the wash 
water, giving a brown-colored filtrate. Continued washings showed no 
diminution in the amount dissolved. On standing exposed to the air 
for several hours, a brown precipitate settled out from the wash water. 
This would seem to indicate the formation of some double salt of man- 
ganese and iron, which is soluble in ammonia when an excess of an 
alkaline phosphate is not present.^ 

Mass. Institute of Technology, 
May^ 1890. 

1 Since the above was written, there has appeared in the School of Mines Quarterly, 
Vol. XI. No. 4, a paper on the same subject, by Mr. R. C. Boyd, which confirms, in general, 
the results given above. 
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THE DA TA OF FIL TRA T/OY. — II. O.V CRENOTHRIX 
KUEHXIAXA {RABEXHORS'n, ZOPF} 

BY WILLIAM T. SEDGWICK, Associatb Professor of Biology. 

Thk obioct of nitration is purification. This, partial or complete, is 
also on^iinarily the result of filtration, whether it be effected through 
lon^^or or shorter reaches of soil, as in the natural filtration of the 
\^round waters into wells or springs, or through artificial sand filters 
workvxl either intermittently or continuously. There are some cases 
on record, however, in which the filtrate, or effluent, thus obtained, 
instead of issuing pure and clear, and remaining so, has speedily be- 
OvMue contaminated with an unsightly and sometimes ill-smelling vege- 
tation of an unusual form and highly peculiar character, namely, a 
luxuriant »^rowth of the " Well-thread," Crcnothrix Kiihniana (Rab.), 
Zopf A recent attack of this singular plant in the water service of 
Rotterdam, in Holland, and its presence in certain water supplies of 
luirope and America, serve to make it of special interest at the pres- 
ent time, particularly to those engaged in the study of the principles of 
tiltratii>n. Crcnothrix is interesting to the biologist also. Its striking 
hal>it of depositing the oxide of iron in its highly developed sheaths, 
anil especially its vital dependence upon certain salts of iron ; its size, 
perhaps the largest, among the bacteria, the smallest of living things ; 
its faculty of leaving its outgrown shell, or sheath, after the latter has 
become a hindrance; the history of its shifting fortunes for a recognized 
place among the lower fungi; its absence from water perfectly purified, 
and its occurrence in water imperfectly purified, by filtration; — all of 
these tend to surround Crcnothrix with peculiarities which excite the 
interest of the investigator. 

The immediate cause of the present paper is a recent Report upon 
this and other organisms living in the underground portions of the Rot- 
terdam Water Works, — a report published by Professor H. De Vries of 
Amsterdam, the well known botanist, who has directed a biological 
investigation, ordered by the authorities of Rotterdam, into the causes 
of an appearance of Crcnothrix in the drinking water of that city. But 
quite apart from this recent attack, Crcnothrix deserves close attention 

^ This paper was read, in part, before the Society of Arts on October 9, 1890. 

[Copyrighted, 1891, by William T. §bocwick.] 
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represented in well waters." Moreover, since it appeared to belong 
to an entirely new genus and species, Cohn proposed to call it the 
Brunnenfaden, i. e. the " Well-thread," and, turning this into more 
technical language, he proposed to establish for it a new genus, Cre- 
nothrix. Finally, Cohn made a thorough study of the life history of 
Crenothrix, and, finding but one kind, in which there was also an 
abundant and peculiar spore formation, he proposed for it the specific 
name of polyspora. These facts, and many more, are recorded in his 
well known paper on Crenothrix.^ 

Crenothrix in the Berlin Water Supply. 

In 1878 there appeared in the Tegel water supply of Berlin, Germany, 
a serious contamination in the shape of a flocculent yellowish-brown 
substance, which, when the water was allowed to stand, settled to the 
bottom of the vessel containing it. The investigation of this contamina- 
tion was referred by the government of the city, through Professor Vir- 
chow, to Professor Oskar Brefeld and Dr. W. Zopf, whose reports ^ form 
an important contribution to our knowledge of Crenothrix, and are es- 
pecially interesting as a study of the first ** water calamity " of magni- 
tude, in which the evil was definitively traced to this organism as a cause. 
Examination soon revealed the fact that the yellowish brown flocculent 
masses were composed chiefly of Crenothrix. This was especially 
abundant in the reservoir, though present in the water of all the wells 
from which the supply was derived, as well as in the service pipes in the 
city itself. The report was summed up as follows : ** The principal 
part of the contamination is Crenothrix^ which lives in the water as its 
natural soil, and, by means of invisible germs, is able to develop and 
multiply, thus producing visible masses." The water of the lake 
(Tegel) itself, from the surface and from various depths, was free from 
Crenothrix, as was also the superficial layer of the lake bottom ; but 
in numerous wells in Berlin and elsewhere, in the reservoir at Charlot- 
tenburg and in other water works, as well as in unfiltered water from the 
river Spree, it was found in more or less abundance. Examinations of 
the soil showed that ** the distribution of Crenothrix in the ground is not 

* F. Cohn, Ueber den Brunnenfaden {Crenothrix polyspora) ^ etc, Beitrage zur Biologie, 
Bd. I. pp. 117-131. 

2 O. Brefeld und W. Zopf, Bericht an den Hohen Magistral der Stadt Berlin iiber die von 
ihnen angefiihrten Untersuchungen des Tegeler Wassers, Berlin, 1879. W. Zopf, Entwicke- 
lungsgeschichtliche Untersuchung der Crenothrix polyspora, Die Ursache der Berliner 
Wassercalamitat, Berlin, 1879. 
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ground waters as far apart as those of Breslau, Berlin, and Halle, but 
also because of his discovery of Crenothrix in the unfiltered surface 
water of the river Spree. Zopfs suspicion of the wide distribution of 
this organism has been fully justified. It is now so well known and 
so much dreaded in Europe, that De Vries, in his recent paper, has 
called it *' the pest of water works." 

In the United States, Crenothrix is probably also common. It is only 
recently, however, that its presence has been widely recognized, and 
Wolle, in his ** Fresh-water Algae of the United States," published in 
1887, refers to it as follows (p. 294) : " We are not aware that the plant 
was recognized in this country until recently, 1886. It was found in 
somewhat limited quantity near the inlet to Lake Chatauqua, New 
York, whence part of the water supply to the city of Jamestown, N. Y., 
is taken." It appears to have been brought to his notice for the first 
time by Mr. George W. Rafter, who had detected it in abundance in 
the water supply of Jamestown, in 1886.^ It was also observed by 
Mr. G. H. Parker, Biologist to the State Board of Health of Massa- 
chusetts, in 1887, in the water supplies of Brookline, Watertown, and 
other places in Massachusetts, and it is now known to occur commonly 
throughout the State.^ In some cases it causes great annoyance (as, 
for example, in the Way land water supply), while in other cases (as, 
for instance, in the Brookline supply), although it is present in small 
quantities, it does not appear to be noticed by the consumers of 
the water. 

From the facts already reported it is clear that Crenothrix has usually 
appeared in ground waters, although it was detected by Zopf in the 
river Spree. Brefeld and Zopf also conclude that it is able to live in 
the earth itself, and is actually present in the ground even to a great 
depth (60 feet). So far as I am aware, there is no case on record in 
which Crenothrix has given trouble in any purely surface water supply. 
It was found by Kiihn in drains : " I have found the plant in drain 
pipes in great quantities. It can, by itself alone, choke up drain pipes 
if these are too small in caliber in proportion to the volume of water. 
Drain pipes which run full for a long time are in danger of being 
choked by this plant if the quality of the water favors its develop- 
ment." ' It was detected by Cohn in wells and springs ; by Zopf in 

* G. W. Rafter, On the Fresh-water Algae, and their Relation to the Purity of Public 
Water Supplies. Trans. Am. Soc. Civil Engineers, Vol. XXI. p. 497, December, 1889. 

^ Nineteenth Annual Report, State Board of Health of Massachusetts, pp. 89-94, Boston, 
1888. 

* Quoted by Zopf, from a letter written to him by Professor Kiihn. Zopf, op. cit, p. 18. 
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Crenothrix in the Rotterdam Water Supply. 

The Water Works of Rotterdam draw their water from the Maas, 
and clarify it by means of sand filtration after most of the sediment of 
the river has settled on standing. 

Since their establishment, in 1874, these works have furnished a clear 
and sufficiently satisfactory water, until suddenly, in the spring of 1887, 
the so much dreaded Crenothrix Kiihniana appeared in great quanti- 
ties. This unfortunate phenomenon coincided with a considerable 
enlargement of the whole service. In 1886 thirteen new filters were 
made ready and put into use, having sixteen thousand square meters 
of surface, while at the same time the eight old ones, having an area 
of eight thousand square meters, were disconnected. 

The building of a new engine-house was in progress, but the new 
reservoir for filtered water was not yet ready, and the filtered water 
from the new filters had meantime to be conducted through the old 
conduits and the old reservoir to the old pumps. This extensive 
enlargement of the establishment was a consequence of the annually 
increasing consumption of water in the city. The original establish- 
ment (1874) was based on an estimate of a daily consumption of at 
most five thousand cubic meters. In 1887 the daily consumption had 
reached a maximum of forty-three thousand cubic meters, and in 1889, 
of about fifty thousand. For several years previous, the management 
had labored under an excessive demand, which neither allowed the 
river water the requisite time for depositing its sediment sufficiently, 
nor permitted the basins and conduits to be cleaned properly from 
time to time. The attack of Crenothrix referred to above was as unex- 
pected as it was sudden and severe, and the behavior of this bacterium 
in the water supplies of other cities aroused the fear that it would soon 
attain a far greater development, and would affect the purity of the 
water. 

In order to avoid this danger, as far as possible, in the summer of 
the same year in which the Crenothrix had appeared in a threaten- 
ing manner, a Commission was appointed by the city authorities, and 
requested to investigate scientifically the cause of the phenomenon, 
and, if possible, to recommend methods which should prevent an 
increase of the evil, and finally secure complete immunity from it. 
This Commission worked under circumstances which facilitated to an 
unusual degree a thorough scientific study of the problem. The impos- 
sibility referred to of cleaning all basins and conduits in a suitable 
manner had allowed the vegetation in them to develop to an extent 
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Winogradsky, whose designation of such forms as the " iron bacteria " 
is certainly convenient. 
De Vries continues as follows. 

The Life History of Crenothrix. 

The iron bacteria are the largest forms in the whole group of bacteria. 
Although their cells are invisible to the naked eye, they are so united, 
end to end, as to form threads, or filaments, which in turn tend to 
make " flocks," or masses visible to the naked eye, often a millimeter 
and sometimes a centimeter or more in size. 

A good hand lens reveals the structure of the flocks very clearly, but 
for a complete recognition of the character of the organisms a micro- 
scopical examination is required. This shows that the cells composing 
the filaments have, for the most part, a cylindrical form. The whole 
filament is enveloped by a sheath which is at first thin, but gradually 
increases in thickness. The most striking and the most characteristic 
property of the iron bacteria is their power of depositing in this sheath 
the oxide of iron (ferric oxide). Entirely colorless and transparent at 
first, they gradually become pale yelldw, and then darker, until finally 
they are deep brown. At the same time their consistency is altered. 
They are at first flexible and soft, but gradually become hard and brit- 
tle. The thick, hard, dark brown sheaths are then no longer adapted 
to the life of the enclosed cells, and sooner or later are abandoned by 
them. The cells push themselves in single file out of the end of the 
sheath, or sometimes, partly sidewise, through chinks in the sheath. In 
the latter case, the thread appears to branch ; in the former, the es- 
caped bacteria continue the old sheath, and the new parts speedily 
undergo the same transformation as the old, whereupon these also are 
in their turn forsaken. In this way, long and occasionally branched 
sheaths are formed by a comparatively few cells, and the older, lower. 
cells in the filaments composing the flocks are thus found lifeless and 
empty, with only their tips still living. A comparatively slow in- 
crease of the bacteria may thus be accompanied by a relatively large 
sheath formation. 

These organisms form their ferric oxide from the dissolved iron salts 
of the water, and especially from the most widely distributed of these 
compounds, the ferrous carbonate. Without soluble ferrous salts, 
their life cannot long continue. They thrive best in those waters 
which contain iron rust in the presence of organic matter, since in 
such waters the formation of ferrous carbonate is incessant. In all 
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thoroughly studied by Dr. W. Zopf, when the plant for the first time 
appeared in alarming quantities in a water supply. This was the case, 
as is well known, in Berlin, in 1878. 

The first method of multiplication depends upon the capacity of all 
the cells composing a filament, if they become isolated in any way, to 
develop each a new filament. When, for instance, the cells free them- 
selves from their old rust sheath, and, before they form a new envelope, 
are broken apart by the current or by a blow, obviously we have sup- 
plied the germ for one or several flocks. But besides this, the plant 
possesses other methods of multiplication. In the thicker filaments 
the cells divide not merely transversely, as in the thinner threads, but 
also lengthwise. Thereupon each cell divides into two or four adjoin- 
ing cells. These latter separate and form the so-called microspores. 
In a filament in which this process has occurred, as soon as the cells 
have left their sheath in the usual manner, these microspores escape 
as innumerable entirely distinct masses, which speedily become scat- 
tered in the water. Each microspore, immediately after its escape, 
begins to divide. Division takes place in all directions, and a little 
cluster soon arises, composed of hundreds of cells. The sheath with 
which each cell envelopes itself changes in this case into a " slime " or 
jelly, which, however, becomes colored in the usual manner with the 
oxide of iron. By means of this ** slime " the whole mass is stuck or 
pasted to any part of the walls of the reservoir, or to any objects within 
it. After some time the course of development changes, and each cell 
of the cluster grows out into a filament. In some of these the cells 
divide transversely only, and form the so-called macrospores; in others 
the above described microspores arise. 

The slime clusters, after they have developed into bundles of fila- 
ments,'are the well known " flocks" of Crenothrix. These latter arise, 
however, more quickly in other ways far more favorable for their dis- 
lodgment. This occurs, first, when the microspores do not leave their 
sheath early enough, or when in. this process some of the spores are 
left behind in the sheath. They then germinate inside the latter, and 
each, growing out into a filament, bursts through the old envelope. A 
whole bundle of such new threads can thus be connected, at their point 
of origin, by the old sheath. Secondly, there is often observed an ap- 
parent branching in such a way that innumerable cells have stuck fast 
upon an old sheath, and there germinated. Flocks of this sort formed 
the bulk of this contamination in the Rotterdam Water Works. This 
sort of branching may be repeated so often that many flocks reach the 
size of a centimeter or more, as already stated. It is obvious that such 
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Every individual cell can develop a new filament. In other cases 
the filament remains enclosed in its sheath; its cells subdivide into 
short disks, which by vertical divisions break up into small ball-shaped 
cells. These may be considered to be the spores of the organism. 
Even within the sheaths they often develop into new filaments, which 
penetrate the jelly-like swollen sheath, or they may leave the sheath 
and develop entirely without it; either growing out into filaments, or by 
continued division forming larger or smaller colonies of roundish cells, 
which are held together by the gelatinized membrane. These colonies 
are known as the Palmella form [^Zooglcea, Cohn], and are probably 
equivalent to Palmellina flocculosa^ Radlkofer. Each of these cells, 
again, is able to form a new filament." 

Appearance of Crenothrix in the Rotterdam Water Service. 

After the Berlin water calamity had given the incentive, Crenothrix 
was sought for in the water supplies of other cities, and in 1882 was 
observed in Amsterdam, and the next year in Rotterdam, in insignifi- 
cant quantities, however, and only on certain days of the year. Since 
that time it has increased regularly in Amsterdam, although not to such 
an extent that the inhabitants have made much complaint. In Rotter- 
dam it remained very scarce until the spring of 1887, although it was to 
be found every year in the water supply during the hot months ; but 
during the spring of 1887 numerous complaints came to the manage- 
ment of the water works because of the impurity of the water, and 
the Director thoroughly demonstrated the presence of considerable 
quantities of Crenothrix, as well in the service pipes of the city as 
in the conduits and reservoirs of the works. The evil increased per- 
ceptibly with the increasing warmth of summer, and in June of the 
same year led to the appointment of the Commission of Investigation 
mentioned above. 

The first task before the Commission was to convince itself of the gen- 
eral distribution of the iron bacteria in the service pipes of the city. 
For that purpose water was drawn from the mains through the hydrants 
at twelve places as far as possible from each other. The result was, that 
by thorough flushing a brown sediment was forced out of the pipes, 
which had accumulated particularly in the so-called ** dead ends." 
After the removal of this sediment, and after further daily flushing of 
the portion of the pipes in question, the water could clearly contain 
only the flocks carried directly with it, but even in this case there was 
often a not inconsiderable quantity of these. The microscopical exami- 
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sideration of the second water supply of Rotterdam, partly by the 
experiments conducted in Berlin. 

Delftshaven originally had its own water works. In 1886 it was 
absorbed by Rotterdam, and its small filtering establishment, operating 
only two filters, was brought under the direction of the Rotterdam 
Water Works. The water is drawn from the same source, namely, the 
Maas, and is therefore exposed to the same sources of contamination. 
Nevertheless, Crenothrix has never been observed in its service pipes, 
and the commission did not succeed in finding it there, in spite of 
careful investigations. It follows from this that filtered Maas water 
can be kept uncontaminatcd by this pest, even in the case of filters 
which have been operated for years. 

Again, the Berlin "water calamity" of 1878 has been completely 
overcome by the sand filtration instituted at the Lake Tegel Water 
Works in 1883. Even during the following year (1884) a considerable 
improvement was observed, which was explained by a gradual flushing 
of the pipes freer from the previous accumulations of Crenothrix. In 
1886, the iron bacteria appear to have entirely disappeared from the 
service. In 1885, they were still observed in certain places in the city, 
but never since. It was accordingly assumed that after proper filtra- 
tion the brown flocks would disappear from the Rotterdam system. 
A thorough investigation of the condition of the service pipes was 
therefore not considered necessary. 

From another point of view, the Commission felt at liberty to limit 
its investigations. Brcfeld and Zopf had concluded from their study 
of earth samples, as recorded above, that Crenothrix grows " widely 
distributed in the water of the earth." They arrived at this conclu- 
sion from microscopial examination of the material obtained from 
borings carried to the depth of thirty to sixty feet, at the Tegel Water 
Works. Since active green algae are reported by Zopf to have been 
seen in the same materials with the Crenothrix. and these obviously 
could not have lived long in the dark, the suspicion arises that these 
algae, and perhaps Crenothrix also, must have come through fissures, 
or otherwise, from the neighboring wells, or from other bodies of water 
more or less exposed to light. Accordingly, the Commission repeated 
these experiments in the vicinity of the Rotterdam Water Works, but 
although many samples of earth from various depths were examined, 
no Crenothrix was found except in cases where there was obvious 
entrance from basins containing Crenothrix and algae. They conclude, 
therefore, contrary to Zopf, that Crenothrix does not grow in the earth. 

Having thus narrowed the inquiry by excluding the service pipes, 



354 William T. Sedgwick. 

total darkness forms one of the most interesting subjects of the investi- 
gation. With the exception of the iron pipes, the entire length was 
repeatedly visited and inspected. The conduit from the river to the 
settling basins was also visited, but not until 1889. 

Almost everywhere the walls of these subterranean passages were 
found covered with living organisms, forming an almost uninterrupted 
lining of varying composition. The quieter portions of the reservoir, 
particularly, showed a growth to be compared only with a magnificent 
aquarium. Handsome patches of fresh-water sponges were everywhere 
covering the walls as a thin layer, and seldom forming the familiar 
finger-like forms. Many of the patches were more than a foot broad, 
but most of them were smaller. These sponges, moreover, were col- 
orless, not green, as in the light. Between the sponge masses innu- 
merable mussels were attached to the walls by their byssus threads. 
Most striking of all was the fresh-water polyp {Cordylophora lacustris)^ 
which had attained an extraordinarily luxuriant development. Upon 
and between these polyps dwelt innumerable microscopic animals 
such as Vorticella and rotifers, and larger forms, such as naids, ento- 
mostraca, and water snails. There was clearly here no lack of food. 

Here, however, Crcnothrix also abounded; here were growing the 
large brown flocks, such as were found in the service beyond. Mussel 
shells and polyp stems were covered with a thick felt of iron bacteria. 
Nothing was free from Crenothrix, which was present in all stages of 
its development. 

It was further proved, by comparing the materials filtered out by flan- 
nel screens, that the water of the river, instead of being improved during 
its journey to the filters, became, biologically speaking, much worse. 

We may turn next to De Vries's account of the conditions beyond 
the filters, in the basins and conduits of filtered water. This again 
is rendered almost literally. 



Crenothrix in the Rotterdam Reservoirs of Filtered 

Water. 

« Whenever the brown flocks of Crenothrix are found in the service 
pipes of a water supply, they are a sign of imperfect or faulty filtration. 
Through good sand filters properly operated, neithi^r the spores of 
Crcnothrix, which are among the largest of those of any bacteria, nor 
yet the suspended organic particles which furnish by their putrefac- 
tion the chief source of nutriment for iron bacteria in water supplies, 
can pass. 
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This author has shown that it is chiefly the jelly-forming bacteria 
which endow the sand with its filtering capacity. They convert the 
uppermost layer of sand into a sort of jelly, and develop in the layers 
next below, much slower, yet in such a way that the latter participate 
to a certain extent in the filtration, and so that after the cleaning of 
the filters they can very quickly develop into the peculiar filtering 
jelly. Without the aid of organisms, sand does not filter. Undoubt- 
edly it will hold back the coarse things which cannot pass through its 
pores; but bacteria and their germs, as well as finely divided clay, 
pass freely through its pores so long as these are bounded only by hard 
and smooth quartz grains. In order to retain such things as these the 
surfaces of such grains must be sticky, and they become so only 
through the bacterial jelly referred to. It follows from this, that dur- 
ing the first days after each cleaning the bacterial layer is only im- 
perfectly formed. During this period, therefore, the water must be 
allowed to trickle through very slowly. Even then it will be almost 
inevitable that bacteria, and therefore the germs of Crenothrix, shall 
penetrate into the deeper and non-glutinous layers of the sand, from 
which they may be swept out later under a more rapid rate of filtra- 
tion. Every temporary rupture of the bacterial jelly layer during fil- 
tration will have the same result. Single germs find passage, and are 
then no longer held by the sterile under layers. Recognized causes 
of such gaps are, first, air bubbles rising from below, where they had 
remained in the sand after cleaning, or after emptying the filter. 
Again, worms and other animals bore through the membrane, eels 
break it up, etc. The more undisturbed the jelly layer is, the more 
perfect is the filtration. The freer the water to be filtered is from bur- 
rowing animals, from bacteria and germs, the rarer are these breaks, 
and correspondingly smaller is the number of organisms which, at each 
break, can thrive in the deeper layers. 

So far as Crenothrix is concerned, it is affected rather in respect 
to its nutrients than its germs. To keep out the latter is practically 
impossible ; the nutrients, however, need be exclftded only so far that 
they shall not support a perceptible growth. This can be done safely 
and very completely by the filtration through sand of a well settled 
river water. In spite of the slight unavoidable disturbances, the water 
of the Maas can be so purified by sand filtration as to make impos- 
sible the multiplication of Crenothrix in the service system. This 
is established by the prolonged experience of the second Rotterdam 
supply (Delftshaven), as given above. 

Investigation showed that the contaminations of the filtered water 
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their expectations, the amount of Crenothrix in the city service dimin- 
ishing suddenly and verj- appreciably. This decrease, however, was by 
no means so great as had been hoped, for the enemy had meanwhile 
established itself in other parts of the conduit of filtered water. The 
new conduit, which after one year's use was still free from it, yielded 
in the two following years gradually increasing quantities of brown 
flocks. An investigation in August, 1889, showed that there was no 
accumulation of sponges, mussels, or bryozoa, and that the flocks of 
Crenothrix were attached directly to the walls, not only in the conduit, 
but also in the new reservoir of filtered water near the new engine- 
house. The closeness and thickness of the felt-like growth was differ- 
ent in different places, and some portions had been already cleaned 
during the summer. At one point there was a smooth dark brown felt 
a few millimeters in thickness, extending over several square meters; 
at another, the wall was merely brown, but sprinkled with larger scat- 
tered flocks as much as a centimeter in height. Bunches of Crenothrix 
were continually detached by the stream, and fine metal sieves had to 
bo used to remove these as completely as possible. 

»Thus there had arisen, within the first three years of operation of 
the new works, an infection with iron bacteria, which moreover, even 
after the old conduits had been entirely disconnnected, maintained the 
original evil, but fortunately not to such an extent that complaints 
were serious. On the contrary, the Commission believes that the evil 
will never again reach its original magnitude, although it can be fully 
overcome only by the improvement of the filters which are concerned. 

In conclusion, the biological results of this portion of the investiga- 
tions may be briefly summarized as follows. The animal life which was 
found upon the walls of the conduits of unfiltered water was wanting 
here. Sponges, mussels, polyps, and bryozoa were nowhere observed. 
With them were absent all those organisms which supported themselves 
among these; and this, too, not only in the new conduits during the 
first three years of operation, where they came under observation, but 
also in the old conduit, after being in use for more than a decade. 

On the other hand, Crenothrix had succeeded in establishing itself 
upon the walls of the reservoir of filtered water. In the first year, the 
Commission failed to detect it, or detected traces of it only; in the 
second and third years, it increased to a suspicious extent, and over- 
spread great patches of the submerged portion of the walls with its 
gently waving vegetation. This was either thin, and dotted here and 
there with larger scattered flocks, or attained a thickness of several 
millimeters. In the old conduit these growths were more than a 
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the same way as before, and finds an average increase of about 105J 
over the original quantity (,185 milligrams per litre in winter). This ^ 
increase is least in the summer months (about 8%), and greatest in " 
the winter ^as much as 15^). It does not keep pace, therefore, with 5^^ 
the increase in organic matters. "^ 

Anv complete comparison of the figures in the table with those of x 
Winogradsky's experiment is impossible. Roughly speaking, they . 
socm to have nearly the same value. From earlier analyses of the 
KottervKim Water Works, De Vries estimated that on the average one ^ 
milli^^ram of permanganate equalled about five milligrams of loss on  
i*MUtiv>n. According to this, the figures in the table would indicate •"' 
abvnit 0,002-0.004% of organic matter (ash free). In the experiment ij, 
cited (^Winogradsky's) the nutrient solution of the iron bacteria con,- ^ 
tained from 0.0025 to 0.008%. 

The above table extended to January i, 1889. In the spring of that ,^* 
year the cleaning of the settling basins and canals began for the first < 

time. 

Uc Vries concludes, therefore, that it is a fact that the dissolved ^ 

orranic matter in the water has increased during the operation of the ^ 

liltrrs. He does not assume by any means that this increase has » 

orcurrcd in the settling basins and the conduits of unfiltered water ex- ^ 

rliisivcly. Obviously, the wooden beams which support the sand, and ^ 

the vegetation of Crenothrix itself, even in the conduits of filtered 

water, furnish an amount not to be neglected. Yet the iron bacteria 

arc! satisfied with such an extremely small amount of these foods that 

every source of organic matter must be regarded as injurious, or at 

least as dangerous. It is difficult for the biologist to execute the 

'venlence of death upon this wonderful population, which is able 

td thrive in the dark chambers of our water works. Nevertheless, 

\)i: Vries regards the execution of this sentence as inevitable, if we 

wciuld exterminate the Crenothrix from water supplies where it has 

once become established. 



Crenothrix in the Water Supply of Lille. 

In the spring of 1882 there suddenly appeared in the water supply 
of Lille, in France, a pollution so extensive that the water for a time 
could not be used. For some years previous the water had occasioned 
anxiety on account of its reddish color, bad taste, and disagreeable 
odor, but it had not produced serious trouble until April, 1882. At 
that time it became so bad that in certain quarters of the city it could 
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not be used, and for some time afterward every heavy rain was followed 
by a fresh disturbance. The water bore a rusty scum, easily strained 
out. Ferruginous deposits also formed in the reservoirs and some of 
the distributing mains. The water became so bad that even the tram- 
horses at one time refused to drink of it. This attack of Crenothrix 
was studied by A. Giard,^ who found little to add to the work of 
Zopf except that the microgonidia appeared to him to be motile, and 
furnished at one time with a flagellum. These afterward pass into an 
irregular Merismopcedia stage, and still later into zoogloea. From the 
zoogloea the usual filaments are finally produced. The source of the 
drinking water of Lille appears to have been a series of wells in a 
marshy region, and the conditions appeared to Giard similar to those 
that prevailed in the original Tegel supply of Berlin. He therefore 
urged sand filtration as a remedy, and advised towns about to institute 
water supplies to avoid ground waters as a source of supply. 

Crenothrix in a Water Supply of Rome. 

The latest case which has been reported is in one of the water 
supplies in the vicinity of Rome.^ The "Cometo Tarquino" system 
became so infested with Crenothrix that the water was ill-smelling 
and no longer potable. The difficulty appeared to arise, not in the 
springs or reservoirs used as the source of supply, but in a conduit 
forming a part of the main leading to the city. 

^ A. Giard, Comptes Rendus, 1882, p. 247. 

^ Bentivegna e Sclavo, Un Caso di inqainamento in una Conduttura di Acqua potabile 
per lo Sviluppo della " Crenothrix Kuhniana." Roma, Diregionc Sanit4 Pubblica, 1890. — 
Giornale della Rcale Society Ital. d* Igiene, Milano, 1890. 
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